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Abstract
Copper is an essential metal that is key in many metabolic functions 
and is a vital cofactor in many enzymes. Copper homeostasis is 
dually important for optimal health. Excess copper has been 
associated with minor symptoms such as fatigue, weakness, and 
memory loss as well as with neurological disorders such as Wilson’s 
disease, Alzheimer’s disease and some cancers in humans. Similarly, 
excess copper has been shown to damage visceral organs and 
produce abnormal behaviors in multiple fish species including the 
zebrafish who has a high degree of genome sequence homology 
when compared to humans. For this reason, the zebrafish is an 
advantageous model for the study of copper toxicity. In this study, 
we assessed survival, behavioral alterations, and morphological 
changes in developing zebrafish. We hypothesized that zebrafish 
exposed to higher levels of copper during embryogenesis would 
show signs of increased physiological and behavioral stress. To test 
this hypothesis, zebrafish embryos were obtained through natural 
spawning and exposed to a control or one of three experimental 
groups: 13ppb, 130ppb or 1300ppb (current regulatory concentration 
in US drinking water) copper. Fish were exposed through 120 hours 
post fertilization (hpf). Survival was assessed every 24 h and 
behavioral analysis was performed at 120 hpf using the DanioVision 
chamber and EthoVision software. Copper caused mortality at 
1300ppb and decreased time spent moving as well as decreased 
counterclockwise rotation frequency at 130ppb (p<0.05). 
Developmental exposure to copper produces dysfunctional 
locomotor behavior and mortality at concentrations lower than 
regulatory concentration in US drinking water. 
• Adult wild type zebrafish were bred and embryos were collected and separated into either control or experimental groups
• 50 embryos per group * 4 treatment groups = 200 embryos per replicate
• 20 mL of 0 ppb, 13 ppb, 130 ppb, or 1300 ppb Cu 
• CuSO4· 5H2O used to prepare copper standard
• Embryos in their assigned solution were incubated at 28.5℃ through 120 hpf
• Survival assessed every 24 h (n=4, 32 subsamples/replicate)
• Behavioral analysis completed at 120 hpf
• One larvae was placed in each well in a 96 square well plate and observed using DanioVision observation chamber and 
EthoVision video observation software. (n=4, 32 subsamples/replicate)
Results
Background
• Copper is a trace element essential to human health. Humans 
are exposed to copper primarily through diet; it is a nutrient 
present in foods such as leafy greens, dried fruits, and shellfish.
• Environmental and occupational copper exposure are also 
common. 
• Adverse health effects produced as a result of exposure to 
copper are related to copper’s change in oxidation state. Similar 
to a Fenton reaction, a hydroxyl radical is produced and can 
then result in adverse health effects. 
• Chronic exposure to high levels of copper may cause liver and 
kidney damage. It may also contribute to the development of 
neurological disorders.
• The EPA established a maximum contaminant level of 1.3 ppb 
in drinking water. 
• The zebrafish has quickly become a popular model in 
toxicological studies due to their small size, high fecundity, ex 
vivo development, and high genome sequence homology when 
compared to humans. 
• Experimental question: What are the effects of environmentally 




Zebrafish exposed to higher concentrations of copper will show signs 
of increased stress in behavioral analysis. 
Figure 2. Mean Mortality at 120 hpf.
The  mean mortality across four replicates for 0, 13, 130, and 1300 ppb Cu were 14%, 15%, 18%, and 100% 
respectively. Significant increase in mortality in 1300 ppb (***p<0.0001). Error bars represent standard deviation. 
N=4, 32 subsamples/replicate
Conclusions and Future Directions
• Conclusions
• Developmental exposure to copper produces dysfunctional locomotor behavior and mortality at concentrations lower than regulatory concentrations in US drinking water.
• Future directions
• Morphological measurements
• Investigate mechanisms of toxicity by evaluating changes in gene expression
Figure 3. Mean Distance Moved.
No significant differences were observed (p>0.05). Error bars represent standard deviation. N=4, 32  
subsamples/replicate
Figure 4. Mean Velocity. 
No significant differences were observed (p>0.05). Error bars represent standard deviation. N=4, 32 
subsamples/replicate
Figure 5. Mean Duration Moving. 
Significant decrease in time spent moving in the 130 ppb group (*p<0.05). Error bars represent 
standard deviation. N=4, 32 subsamples/replicate
Figure 6. Mean Duration Not Moving. 
Significant increase in time spent not moving in the 130 ppb group (*p<0.05). Error bars represent 
standard deviation. N=4, 32 subsamples/replicate
Figure 7. Clockwise Rotation Frequency. 
No significant differences were observed (p>0.05). Error bars represent standard deviation. N=4, 32 
subsamples/replicate
Figure 8. Counter Clockwise Rotation Frequency.
Significant increase in the 130 ppb group was observed (*p<0.05). Error bars represent standard 
deviation. N=4, 32 subsamples/replicate
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Materials and Methods
Figure 1.  Diagram of dosing and 
behavioral analysis methods.  
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